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 The present research consisted of 3 experiments including the 1st experiment studied chemical 
composition and energy values of soybean hulls; the 2nd experiment studied the effects of feeding soybean 
hulls as a replacement for ground corn in concentrate on performance of lactating dairy cows and the 3rd 
experiment determined the effects of replacing ground corn with soybean hulls on performance and 
carcass quality in meat of finishing pigs. 
 The 1st experiment aimed to determine chemical composition and to evaluate energy values and 
degradability of soybean hulls. Samples of soybean hulls and other feed ingredients were randomly 
collected from various commercial companies. They were then ground and subjected to proximate 
(AOAC, 1990) and detergent (Goering and VanSoest, 1970) analyses. Representative samples were 
subjected to degradability study using nylon bag technique (∅rskov and McDonald, 1980). The results 
revealed that soy bean hulls contained 10.25% CP, 1.29% Fat, 4.64% Ash, 64.86% NDF, 46.41% ADF, 
62.23% TDN1X, 2.25 Mcal MEP, 1.39 Mcal NELP ,45.5% dgDM and 56.1% dgCP. Thus soy bean hulls 
have potential to be used as animal feedstuffs. 
The aim of 2nd experiment was to determine the effects of feeding soybean hulls as a replacement 
for ground corn in concentrate on performance of lactating dairy cows. Twenty four Holstein Friesian 
crossbred lactating dairy cows, averaging 16.3 + 1.4 kg/d of milk, 84 + 15 days in milk, 42 + 5 mo old and 
415 + 20 kg body weight were stratified randomly assigned into three treatments of 8 cows each. The 
treatments were control (0% soybean hull; SH), 10% SH and 20% SH as a replacement for ground corn in 
the concentrates. Performance parameters showed that DM intake, CP intake, NELP intake, milk yield, 
milk composition and body weight change were similar in all treatments. However, milk fat and milk 
protein contents tended to linearly increase with increasing soybean hull in the concentrates while total 
solid content was significantly linearly increased by addition of soybean hull. Concentrations of ruminal 
ammonia nitrogen, volatile fatty acids and pH were unaffected by the treatments. Milk fatty acid contents 
were also similar in all treatments except for C18:2 and C18:3 that were significantly linearly increased by 
addition of soybean hull. The present study suggested that soybean hull can effectively replace high cost 
ground corn in the concentrates. Level of soybean hull addition in the concentrate should not excess 10% 









The objective of the third experiment was to determine the effects of replacing ground corn with 
soybean hulls on performance and carcass quality in meat of finishing pigs. Ninety six crossbred finishing 
pigs [Duroc x (Landrace x Large White) (48 gilts and 48 barrows)] averaging 60 kg live weight were 
used. They were then blocked by weight and sex (6 pigs/pen; 0.75 or 0.85 m2 /pig). One of the four dietary 
treatments was randomly assigned to each pen within a block. Four finishing dietary treatments were 
formulated utilizing differing levels of soybean hulls (SH) and fed for eight weeks. Treatments were as 
follows: 1) 0% SH; 2) 3% SH; 3) 6% SH; and 4) 9% SH. All experimental diets were isonitrogenous and 
isocarolic and formulated to meet the NRC (1998) requirements. Experimental diets were fed to finishing 
pigs for 56 d. Chemical analyses of the diets were made for crude protein, crude fiber and ether extract 
(AOAC, 1998). Both semimembranosus and longissimus muscles from 3 pigs per pen were collected at 
exsanguinations from the left side of the carcass (NPPC, 1999) for standard carcass measurements, 
whereas those from the right side of the carcass were collected, frozen in liquid nitrogen, and stored at -
80°C until assayed for carcass quality and chemical composition. The results showed that ADFI and ADG 
were linearly and quadratically significantly increased with increasing soybean hull substitution while 
gain: feed and final weight were unaffected by diets containing soyhulls. Soybean hull supplementation 
did not affect backfat thickness at 10th rib and last lumbar positions, loin eye area (longissimus muscle 
area) and lean meat percentage, while backfat thickness at 1st rib and last rib were linearly and 
quadratically significantly increased and decreased, respectively. Subjective measures of both 
semimembranosus and longissimus muscle quality (firmness, marbling, and color) revealed that firmness 
and marbling were linearly reduced and increased by diets containing soyhulls, respectively. Diets 
containing soy hulls did not affect moisture and protein contents of both semimembranosus and 
longissimus muscles, however, fat contents of these two muscles were increased by substitution of soy 
hulls for ground corn. Soyhulls clearly improved carcass quality of the animals in this study. It is worth to 
note that fiber in soyhull has improved carcass quality without any adverse effect on growth rate and feed 
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ก.:(/+(+% (8+ 2 "(0 (	ก0
% Pantoja et al. (1994) " Mansfield and Stern (1994) ((+
 2.4 
  "&กกc$ก-% Ipharraguerre et al. (2002b) +
'(c$ก-กก.:( 
/+(+% (+




 0 pH 
	+ก0 6.11, 6.00, 6.09, 5.96 " 6.09 1(0 #$0ก.+








  2.3.3.2 F!HF>! (NH3-N)  






 &กกc$ก-% Elliott et al. (1995) '(+1ก+(ก.:(/
+(+% ( 	%%% NH3-N ก""ก0		




ก.:(/8+ 2 "(0 	 0 " 18% (	ก0% 
Ipharraguerre et al. (2002b) 0"(0%ก.:(/8)%$
,+1
















  2.3.3.3 ก&H!H&" 
  ,%กก.:(/+% ( 	 	%%
%ก('%"'(ก""ก ('+




	%%%ก('%"'( ก("#))ก ก( ))ก ก(0)+
)ก "
ก("#)ก)กก( ))ก 0ก("#))ก "%ก("#)ก)กก(
 ))ก 






et al. (2002b) ((+
 2.4 
  Mansfield and Stern (1994) กก.:(/',





1	7+/)) (P<0.05) (	ก0ก+(% Elliott et al. (1995) 
((+











>		 2.3 กก.:(/+(+% ( 	 กก)'( ,,)1 "	"ก01 
  DMI Milk 3.5%FCM Fat Protein 
  (Kg/d) (%) 
Pantoja et al. (1994) 
 
Ct: 16% AS, 24% CS, 34% GC  











Mansfield and Stern 
(1994) 
Ct: 14% AH, 6% GH, 32% CS, 28% GC  











Elliott et al. (1995) 
 
Ct: 22% AS, 22% CS, 36% GC  











Ipharraguerre et al. 
(2002a) 
 
Ct: 23% AS, 23% CS, 40% GC  
T1: 23% AS, 23% CS, 30% GC, 10% SH  
T2: 23% AS, 23% CS, 21% GC, 20% SH  
T3: 23% AS, 23% CS, 11% GC, 30% SH  
T4: 23% AS, 23% CS, 1% GC, 40% SH 
23.8 
24.8l  
24.4 l  
22.9 l 





















	!>$ : AH = alfalfa hay, AS = alfalfa silage, CS = corn silage, Ct = Control, GC = ground corn, GH = grass hay, HMC= high-moisture corn, SH 
= soy hulls, T = treatment. 













>		 2.4 กก:(/+% ( 	 )c)+ก""ก 
  pH NH3N TVFAs C2 C3 C4 Ac:Pr 
   (mg/dl) (mM/L) (mol/100 mol) 
Pantoja et al. (1994) Ct: 16% AS, 24% CS, 34% GC  















Mansfield and Stern 
(1994) 
Ct: 14% AH, 6% GH, 32% CS, 28% GC  















Elliott et al. (1995) Ct: 22% AS, 22% CS, 36% GC  














3.02 b  
Ipharraguerre et al. 
(2002b) 
 
Ct: 23% AS, 23% CS, 40% GC  
T1: 23% AS, 23% CS, 30% GC, 10% SH  
T2: 23% AS, 23% CS, 21% GC, 20% SH  
T3: 23% AS, 23% CS, 11% GC, 30% SH  






















19.6 l  
20.2 l 
19.6 l 





10.3 L  
3.2 L 
3.38 L  
3.32 L  
3.44 L  
3.48 L  
	!>$ : AH = alfalfa hay, AS = alfalfa silage, , CS = corn silage, Ct = Control, GC = ground corn, GH = grass hay, HMC= high-moisture corn,            
SH = soybean hulls, T = treatment, NH3N = Ammonia nitrogen, C2 =Acetate, C3= Propionate, C4 = Butyrate, Ac : Pr =Acetate-to-propionate ratio, NR 











2.4 ก	!$^G		6	>	 NRC (2001) 





.ก#0# "+c * &$	)(	
กก	1G (ก")	+&ก	"ก0+	
  "+c
	1G	 NEL &ก GE " ME "+c)ก	1G&ก TDN 'ก:ก&"
'(#$	 * ก+1	.G	+ก:
ก0ก'("0)( 
 % 0ก'("ก00&ก"+ Weiss et al. (1992) +1ก0.
ก+
/1+1	+ก0)(+ By-products " Heat-




( #$ !"(ก"ก0(  
0 '% NFC " NDF ก	1Gc True 
digestibility (td) % !" * &ก&"'(	 TDN #$/1'	1G	 NELL '( (c
ก * (&"'(ก' 




(Total digestible nutrient, TDN) (ก 
 
TDN1X (%) = tdNFC + tdCP + (tdFA x 2.25) + tdNDF Q 7 
 td = Truly digestible 
 
  2.4.1 6		ก NFC 
  (ก) NFC  Uniform feed fraction +

	 td "G 0.98 /'(0+

"(0 Maintenance NFC 	1G'( (กก0	/,  
0, NDFN " '% &ก 100 +

 	 NDFN +	 NDF ก:' 
0 /8กกก#1ก/$ 2 	)"&"+1	 NFC 1
' ก	1G&ก NFC 	1G'((ก 
 
tdNFC = 0.98 (100-[(NDF Q NDICP) + CP + EE + Ash]) x PAF  
tdNFC = 0.98 (100-[(NDFN + CP + EE + Ash]) x PAF 
NDFN = NDF Q NDICP 












 NFC = Non fiber carbohydrate 
 NDF = Neutral detergent fiber 
 NDIN = Neutral detergent insoluble nitrogen 
 PAF = Processing adjustment factor ( 2.5) 
 
>		 2.5 ก"0ก06&& (Processing adjustment factors, PAF) 10 NFC (NRC, 2001) 
Feedstuff PAF 
Bakery waste 





Corn grain, cracked dry 
Corn grain, ground 
Corn grain, ground high moisture 
Corn and cob meal, ground high moisture 
Corn grain, steam flaked 
Corn silage, normal 
Corn silage, mature 
Molasses 
Oats grain 
Sorghum grain, dry rolled 
Sorghum grain, steam flaked 
Wheat grain, rolled 
































  2.4.2. 6		กF> 
  







 (Unheated concentrate) 	 tdCP &"
	"G 1.0 (Fonnesbeck et al., 1984) +
/8ก	
	 tdCP &"
	( &กก'(% CP "ก/8ก+1(	 (Heat damage) 









  Truly digestible CP for forages (tdCPf) 
  TdCPf = CP x exp[-1.2 x (ADICP/CP)] 
 
  Truly digestible CP for concentrates (tdCPc) 
TdCPc = [1 Q (0.4 x (ADICP/CP))] x CP 
 
 ADICP = Acid detergent insoluble nitrogen (ADIN) x 6.25 
 
  2.4.3 6		กH 
	 Ether extract (EE) "ก0(ก('% (+ Triglycerides) Waxes, 
Pigments "* 
ก:ก Palmquist (1991) "1ก)G'%	)	" Fatty 
acids (FA) กกก)	" Ether extract (EE) +
&ก FA 	+
 Uniform %G"+
 EE ' 
uniform  	ก)	")0)ก7	)	" EE 
)0)ก7&$	))	"	 EE 8 'ก:ก	1G	 FA /+1'(
 (ก	1G&ก	 EE +
"'%+




"G1.0 % % DM + 
 
   FA = EE Q 1.0  (Allen, 2000) 
 TdFA = FA  /กG
+













  2.4.4 6		ก NDF 
 NDF 	+
' Uniform  NDF +
&'( (Potential digestible NDF  
pdNDF) 	+
 uniform  (
ก'(+ก0 1.0 ก&ก
 Conrad et al. (1984) '(ก
")	 pdNDF  (c Lignified surface area +
" Lignin ''(&$	1ก0ก
&ก NDF '(	 Lignin-free NDF ก&ก
 Lignin '%(%ก'(% Cellulose " 
Hemicellulose &$		1G	(%+
,) NDF +
/8กก	.( Lignin 1ก0ก 
(
	 pdNDF 	1G'(&กก 
 
pdNDF  = (NDF Q Lignin) [1 Q (Lignin/NDF)0.667] 
 
  	+.ก
 % % DM " Lignin )	" ()X
 ADF Q Sulphuric ก
%
'(ก0+0+.ก)(  By-product )( &
% CP 	 NDF ก
+1
	 NDF 8ก)'(&$	)	" Neutral detergent insoluble nitrogen (NDIN) (
	1G	 NDF +
c&ก N  (NDFN) (
 
 
NDFN = NDF Q NDICP 
 
	+.ก
 % " NDICP = NDIN x 6.25 
 




  " Truly digestible NDF (tdNDF) &"
	(ก 
 
tdNDF = 0.75 (NDFN Q Lignin) [1 Q (Lignin/ NDFN)0.667] 
   
  'ก: กG
+
,)!GH+
'(ก&ก   
&ก        
#$&"'
% Structural carbohydrates &"
% Neutral detergent insoluble residue '
















 TDN1X  = (CPdigest x CP) + (FA x 2.25) + 0.98(100 QCP Q Ash Q EE) Q7 
 CP digest = estimated true digestibility of CP (+
2.6) 
 
>		 2.6 ")+X)!ก'(% 
0ก"G	 TDN1X 10,)!GH
+
'(&ก (NRC, 2001) 
Feedstuff True digestibility 
Blood meal, batch dried 
Blood meal, ring dried 
Hydrolyzed feather meal 
Hydrolyzed feather meal with viscera 
Fish meal (Menhaden) 
Fish meal (Anchovy) 





















 (Assumed 8% increase in digestibility compared 
with 3X maintenance) 10&1ก'% (NRC, 2001) 
Fat Fat type True digestibility 
Calcium salts of fatty acids 
Hydrolyzed tallow fatty acids 





Fat plus glycerol 
Fat plus glycerol 


























    
TDN1X (%) = (EE x FA digest) x 2.25 
 
  2.4.5 ก		^G	 DE 
  1. ก		^G	 DE 		>7& Maintenance  
  Crampton et al. (1957) "Swift (1957) 	1G	 GE value of TDN +ก0 
4.409 Mcal/kg 'ก: !"")(
	 Heat of combustion +
กก  4.2 
Mcal/kg for carbohydrate, 5.6 Mcal/kg for CP, 9.4 Mcal/kg for fatty acid "4.3 Mcal/kg for glycerol 
(Manynard et al., 1979) 
   &กก+






	 GE value of TDN กก 4.409 Mcal/kg +ก0ก
+

	 0'M(	"ก07 TDN &"
	 GE value of TDN ก 4.409 
Mcal/kg (ก	1G	 DE &ก 0.4409 x TDN (%) +
"1' NRC (1988)  6&&.0'(
ก)ก NRC (2001) '(dก	1G	 DE  (	1G&ก Estimated digestible nutrient 
concentration 	8G( Heat of combustion % !"*"&ก DE 	1G&ก Apparent 
digestibility ก	1G TDN &ก !"* 	 True digestibility (	 Metabolic 
fecal energy +1ก0ก	1G	 DE &ก TDN  (+'	 Heat of combustion % 




10+ * ' 
 
 DE1X  (Mcal/kg) = [(tdNFC/100) x 4.2] + [(tdNDF/100) x 4.2] + [(tdCP/100) x 5.6]  


















	"ก0%  glycerol 
 








 DE1X  (Mcal/kg) = [9.4 x (FAdigest x 0.9 x (EE/100))] 
 tdNFC,  tdNDF,  tdCP " FA 
 % 
 
   2. ก		^G	 DE 		>7& Actual Intake  
   ก'(% 	&"( "(0กก)'()%$ (Tyrrell and 
Moe, 1975) #$&"
,+1	%* (กก)'()%$ (" 	
(+

1ก* 6&&.0 #$&ก)'(ก/$ 4 +%กก)'(+
"(0Maintenance 
ก(% Digestibility  intake )%$&"
	Xก0 Digestibility of diet at maintenance 
(Wagner and Loosli, 1967) กก)'()%$ +





	 Digestibility at maintenance   NRC  (1988) 
		+





 75% TDN1X &"
	 Discount 3% unitmultiple of 1X %G"+
 +

 60% TDN1X &"
	 Discount 
+ก0 2.4% /
	 TDN1X +ก0 ก 60% 	 Discount &"
		% NRC 
(2001) "1ก
ก	1G % Discount 
 
TDN percentage unit decline = 0.18 TDN1X Q 10.3 (R
2 = 0.85) 
 
+
&กก	1G	 ME " NEL 	 DE ''(	 TDN "ก	1G	 












Discount = [(TDN1X Q [(0.18 x T TDN1X) Q 10.3]) x Intake)]/ TDN1X 
 
% TDN1X  %of DM " Intake /$&1+%กก)'(+
)%$กก
กก)'(+




 74%TDN1X '( 3X maintenance " Digestibility 
	&"+ก0 0.918 + % Digestibility +
 1X maintenance 
 
   3. ก		^G	 ME 		>7& Actual Intake 
  ก"G	 ME at production level of intake (MEp) 	1G&ก	 DEp 





'% ME  
	ก0 100% (Andrews et al., 1991; Romo et al., 1996) (ก%&"
"G	 ME %+

'%81ก)' NRC (2001) "1ก
+ 
 
MEp = [1.01 x (DEp) Q 0.45] + [0.0046 x (EE Q 3)] 
 
 DEP 
 Mcal/kg " EE 
 % of DM 
MEP %+





"1 NRC (1988) 
 
10 Fat supplements,  MEP(Mcal/kg) = DEP (Mcal/kg) 
 
  2.4.6 ก		^G	6	$d (Net energy, NEL) 
   1. ก		^G	 NEL 		>7& Actual Intake 
   NRC (1988) ก NEL (Mcal/kg) = 0.0245 x (%TDN) Q 0.12 ก"G	 
NEL ก
'()&Gก"/
 TDN 40% (DE = 1.76 Mcal/kg) 
	")+X)!ก

 DE  NEL1X +ก0 0.49 /
 TDN 90% (DE = 3.97 Mcal/kg) ")+X)!&" 0.53 
(ก'%67(กก"G	 NE Lp &ก MEP NRC (2001) กก+
 ( 
Moe and Tyrrell (1972) +ก()+












NE Lp = [0.703 x MEP (Mcal/kg)] Q 0.19 (Moe and Tyrrell, 1972) 
 














 ME &ก'% 
NEL &"'(	+ก0 [(0.097 x MEP) + 0.19]/97 ก) NEL  % unit increase in feed EE content 
above 3% "ก+
 	 
   
NELp = ([0.703 x MEP (Mcal/kg)] Q 0.19) + ([(0.097 x MEP + 0.19)/97] x [EE Q 3]) 
 
 MEP 
 Mcal/kg " EE 
 % of DM 
10  fat  supplements 
 
NELp (Mcal/kg) = 0.8 x MEP  (Mcal/kg)] 
 
   2. ก		^G	 Net Energy of Feeds for Maintenance and Gain 
  กก"G	 NEM " NEG &"ก+
 ( Garrett (1980) 
10 	+
"1' NRC (1996) NEM " NEG 
ก"G+
"(0กก)'(
 3X maintenance "	1G	 ME ก&กก	8G DE1X (+
'(X)0'ก

) ( 0.82 +	 ME ก%ก:&"'(	 NEM " NEG 
 
NEM = 1.37 ME Q 0.138 ME2 + 0.0105 ME3 Q 1.12 
NEG = 1.42 ME Q 0.174 ME2 + 0.0122 ME3 Q 1.65 
 
 ME, NEM " NEG 
 Mcal/kg 
'ก:ก%'"10	1G	 NEM " NEG % Fat supplements 
	 MEP = DEP "	")+X)!ก
 ME  NEL +ก0 0.80 
 ME  NEM 
ก




























 2.5.1 ก		^F>		 
 ก	1G 
&"/+1'( (ก")+X)!ก'(%     
 
&ก)X
ก Nylon bag technique 
 
 2.5.2 ก		^	>"ก	F>>F 
 NRC (2001) '(0
ก")	ก 
% 	 (1     8
% Metabolizable protein (MPR) 
  
(ก  MPR  = MPM + MPG + MPL 
 (  MPR (g/d) = Metabolizable protein requirement 
 MPM (g/d) = Metabolizable protein requirement for maintenance 
 MPG (g/d) = Metabolizable protein requirement for growth 
 MPL (g/d) = Metabolizable protein requirement for lactation 
 
  1. Metabolizable Protein requirements for maintenance (MPM) 
     
MPM (g) = MPU + MPSH + MPMFP 
 
MPU 	 	ก MP 10 Endogenous urinary protein (UPN) 
 
MPU = UPN/0.67 
 UPN (g/day) = 2.75 x (Live weight) 0.5 













MPSH  	 	กMP 10 Scurf and hair (SPN; skin, skin secretion, hair) 
 MPSH = SPN/0.67 
SBW = 0.96BW 
 SPN = 0.2 x (Live weight) 0.60 
 MPSH = 0.3 x (Live weight)
 0.60 
 
MPMFP 	 	ก MP 10 metabolic fecal protein 
 
 MPMFP = MFP - (bacteria + bacterial debris in cecum, large intestine + keratinized cell + others) 
 MFP (g/day) = 30 x Dry Matter Intake (kg.) 
 MPMFP = [(DMI x 30) - 0.50((Bact MP/0.8) - Bact MP)] + Endogenous MP/0.67 
 
  2. Metabolizable Protein requirements for growth (MPG) 
 
MPG = NPG/EffMP_NPG 
!# 
 NPG  = SWG x (268-(29.4 x (RE/SWG))) 
 RE  = 0.0635 x EQEBW 0.75 x EQEBG 1.097 
 EQEBW = 0.891 x EQSBW 
 EQEBG  = 0.956 x SWG 
 EQSBW = SBW x (478/MSBW) 
 MSBW  = 500 kg 
 
/1ก 	 EQSBW (Equivalent shrunk BW) ก+ก0 478 kg  
 
EffMP_NPG  = (83.4-(0.114 x EQSBW))/100 
 
/1ก 	 EQSBW (Equivalent shrunk BW) กก478 kg  
 











3. Metabolizable Protein requirements for lactation (MPL) 
 
MPL (g/d) = (Y Protein/0.67) x 1000 
 
  ก	1G	ก 
8% Metabolizable protein (MPR) '"(ก
ก&(ก(&$'(
ก(8% Crude protein requirement (CPR) "&$	1G
&ก MPR  CPR  







ก""ก (Rumen degradable protein, RDP) " 
+
'ก""ก (Rumen 
undegradable protein, RUP) 
 
	 MPR = MPRUP + MPBact + MPEndo 
 
  % RDP  ("G&"/8ก1'ก&)7)0 %&.)+
 (Microbial 
crude protein, MCP) 85% % RDP " MCP +
&" 
+ (Microbial true protein, MTP) 80% 
% MCP "&"/"(8(#$'( (Digestible microbial true protein, DMTP) 80% % MTP 
 
MCP = 0.85 RDP (NRC, 2001) 
MTP = 0.8 MCP 
DMTP  MPRDP = 0.8 MTP 
  MP Bact    = 0.64 MCP 
 
ก	1G	ก MCP  	/'(&กก NRC (2001) 
 
 (+
 MCP = 0.85 RDP (NRC, 2001) 
 RDPR = MCP/0.85 
 RDPR = 0.15294 x TDNActual 
 
&กก MPR = MPRUP + MP Bact + MPEndo 
   MP Bact = MPR - MPRUP - MPEndo 
  MP Bact = 0.64 MCP 













MPRUP     = MPR - (MP Bact + MPEndo) 
   0.8 RU =  total digest RUP 
0.66 x total digest RUP = MPRUP 
total digest RUP = MPRUP /0.66 
RUPR = MPRUP/0.528 
 
(&"/	1G CP requirement &ก RDP " RUP &กก 
 
CPR = RDPR + RUPR 
 
!#  NPG   = Net protein requirement for growth 
EffMP_NPG  = Efficiency of use of microbial protein for growth 
SWG   = Shrunk weight gain 
RE   = Retain energy 
EQEBG  .= Equivalent empty body weight gain 
EQSBW  = Equivalent shrunk body weight 
EQEBW  = Equivalent empty body weight 
SBW   = Shrunk body weight 




















   	 ก"0 " ก" "ก /" &ก
ก.:(/ (c&.)+


















8 (% (0(  กก1" กก กก/) 10+
.G!8) 
60°C 36   /. (Dry matter, DM) (AOAC, 1990) 
 3.3.2 1ก.:(/"/.()0+
	"ก08
 (% (0(  กก1" กก กก/) +1ก0((	0(,





 3.3.3  1ก.:(/"/.()0+
	"ก08
 (% (0(  กก1" กก กก/) )	"c$ก-
	"ก0+	
  (ก)X
ก)	"00"G (Proximate analysis) (AOAC, 1990) #$
)	"/. (	 Hot air oven  
0 (Crude protein, CP)  (	 Kjeltec auto 












 3   0 (Crude fiber, CF) "ก)	" ( Detergent analysis 
(Goering and VanSoest, 1970) '(ก +
'""+
ก (Neutral detergent fiber, 
NDF) +
'""+
ก( (Acid detergent fiber, ADF) "Acid detergent lignin, 
ADL  (	 Fibertec auto analyser 
 3.3.4 1ก.:(/"/.()0+
	"ก08
 (% (0(  กก1" กก "กก/) +
'(ก:0'% 3.3.2  
c$ก-ก'(ก""ก ()X
/.' (Nylon bag technique) 0ก""ก%
 	&"ก"" (∅rskov et al., 1980)  (ก1/.()0)(* 0((	0(
,"ก%( 2.0 )) "/.'+
ก+(
%(8.%/. 47 µm 1'0+

.G!8) 60°C  1 Q 2   '	 1ก/.()0"G 5 Q 6 ก /.'
 +1ก"0+$ก1ก' &ก1/.'+
/.()01)(ก0






 	 0, 2, 4, 6, 12, 24 " 48    ("+1 2 #1  	&"ก""&1 3 
 "/.+








.G!8) 60°C  36  "1')	"/. "1
+
&กก/.'')	"#:' &  (+1ก&ก 	
+
 1, 2 " 3 %'(ก&ก 1	(+
87'""*%/."






"1 ( (∅rskov and Mehrez, 1979) 
 
dg = a + b(1-exp-ct) 
 
 dg =  effective rumen degradability 











 b =  potentially degrade N, other than water soluble N 
 c =  fraction rate of degradation of feed N per hour 





ก""ก ( ก1:&8 NEWAY EXCEL (Chan, 2003)  ก(
 
 
dg = a + bc/ (c + k) 
 
 dg =  Effective protein degradability 
 a =  water soluble N extracted by cold water rinsing (0 hr bag) 
 b =  potentially degrade N, other than water soluble N 
 c =  fraction rate of degradation of feed N per hour 
 k =  Fractional outflow rate of digesta per hour 
 
	1G'(	 dg /1'"G	 
+
'(ก""ก 
(Rumen degradable protein, RDP) " 
+




RDP = CP X dg 




8 (% (0(, , กก1", กก, กก/) "ก
ก""ก	












3.4 Iก	&	 7^Iก	& 
 3.4.1 	
ก






#ก Proximate analysis 	 detergent Analysis 






"" NDF 	 ADF - . /)"กกก 	กก*0,),
 . (8.50 *) ) 6	
	กก 6	
*0,),6 (0.46 	 0.16
%6) 	กก





 	 #:'%1ก% DePeters et al. (1997); Arosemena et 




ก0 DePeters et al. (1997) 1ก+
 Arosemena et al. (1995); Zervas et al. 
(1998) " DeFrain et al. (2002) (10.25, 10.62, 14.60, 12.20 " 13.50% 1(0) %
#:ก.:(/




ก0 Zervas et al. (1998) (64.86 " 66.10% 1(0)  8
ก Arosemena et al. (1995) ADF 0
	ก	
ก0+
 ( Arosemena et al. (1995); 















ก0% Preston (2002) " .+ (2537) (9.21, 9.00 "
8.00% 1(0) #:'%01ก+
 Preston (2002) " .+ (2537)  (2.65, 
4.30 "4.00 #: 1(0) #:0ก	
ก0% Preston (2002) "
.+ (2537)  (2.69, 2.00 " 2.50% 1(0) #:/ 01ก Preston (2002) 
(1.61 "2.00%1(0) "#: NDF 8ก+
Preston (2002) ' (11.48 " 9.00%) 
" ADF ก	




8 (48.95 %) 
"
	ก	
ก0 NRC (1988) " McDonald et al. (1995) 0
#: 
 (49.9 " 




















 ( .% (2540) " 
McDonald et al. (1995) (3.38, 2.52 " 3.00% 1(0) #:'%ก	
ก0 (0.46, 
0.47 " 0.90 % 1(0) #:/1" 0ก	
ก0 McDonald et al. 







ก0 .% (2540) " McDonald et al. (1995) (3.62, 3.50 " 












	/ก'(%/.8 (77.50%)  




ก0 Lim (1967) " Khang et 
al. (2000) '('+
 88.8 " 91.2% 1(0 #:'%1ก+
 Lim (1967) " Khang 
et al. (2000)  (0.16, 0.55 " 2.24% 1(0) #: 
08ก+
 Preston (2002) 





 Preston (2002)  (13.32 "5.00% 1(0) NDF +
)	"'(
8ก Preston (2002) (37.31 " 34.00% 1(0) #:/8ก+
 Preston (2002)  
(8.06 "3.0% 1(0) #$&
ก%()%G"กกก1"  ADF 08
ก+
















ก( (&)7cก(), 2519) 
 กก,'(&ก.กก,)1 &กกc$ก-0กก

#:/.+ก0 94.84 #: 
 
 '%  NDF " ADF +ก0 14.71, 8.50, 

















 '%  NDF " ADF +ก0 16.15, 0.72, 16.03, 75.84 





















 (Total digestible nutrient, TDN1X) )(ก")"0 (DEp) (/









'(+( (Total digestible 
nutrient, TDN1X) +ก0 62.33% #$1ก+






















 	 (non structure carbohydrate) 88 &$+1
	 !"+
'(8  






















































degradability of DM (dgDM) 1
0+






* 1ก/.()0 * ก/.%
กก/
0+
0ก0ก+(% ./ (2547) 0
	 Effective degradability of DM 













 ก/ก")" "+ (dgCP) ก	(	
ก(,A> +"









c$ก- 0 Effective 
degradability of CP (dgCP) ./ (2547) ' (59.3 " 64.0% 1(0) (
ก0% ( 
0
	 Effective degradability of CP (dgCP) 1ก+










	ก > 10.25% CP, 1.29% Fat, 4.64% Ash, 64.86% 
NDF, 46.41% ADF, 62.23% TDN1X, 2.25 Mcal MEP, 1.39 Mcal NELP 	)ก")" "0 45.5% 
dgDM 	 56.1% dgCP 0)ก

 6/D
 0(  
+"E(	ก/D
 >"> ")0ก  /D
 ก0/)"ก 
(")ก/D




















ก  ) *' กก$.

















95.89 ± 0.03 
10.25 ± 0.03 
1.29 ± 0.01 
4.64 ± 0.04 
34.14 ± 0.07 
64.86 ± 0.05 
46.41 ± 0.13 
3.63 ± 0.00 
18.97 ± 0.07 
0.61 ± 0.02 
3.79 ± 0.00 
0.16 ± 0.13 
0.99 ± 0.01 
89.43 ± 0.70 
9.21 ± 0.13 
2.65 ± 0.01 
1.61± 0.05 
2.69 ± 0.13 
11.48± 0.32 
2.76 ±  0.15 
1.60 ±  0.60 
75.05 ±  0.06 
1.10±  0.01 
6.96 ± 0.04 
0.88 ± 0.00 
5.48 ± 0.10 
89.40 ± 0.07 
4.25 ± 0.25 
0.16 ± 0.01 
8.07 ± .0.06 
13.32 ± 0.45 
37.31 ± 0.21 
19.58 ± 0.09 
3.70 ± 0.10 
50.22 ± 0.63 
0.13 ± 0.01 
0.79 ± 0.06 
0.11 ± 0.01 
0.70 ± 0.01 
88.32 ± 0.01 
48.95 ± 0.00 
2.03 ± 0.03 
6.50 ± 0023 
6.42 ± 0.28 
16.62 ± 0.03 
10.47± 0.56 
0.75 ± 0.07 
25.91 ± 0.00 
1.31 ± 0.07 
8.16 ± 0.47 
0.88 ± 0.02 
5.51 ± 0.10 
89.00 ± 0.10 
3.38 ± 0.23 
0.46 ± 0.00 
2.35 ± 0.00 
3.62 ± 0.13 
20.86 ± 0.26 
11.50 ± 0.42 
1.17 ± 0.04 
72.95 ± 0.50 
1.30 ± 0.10 
8.35 ± 0.60 
0.84 ± 0.02 
5.24 ± 0.12 
94.84 ± 0.09 
14.62 ± 0.20 
8.50 ± 0.06 
4.08 ± 0.03 
23.40 ±  0.73 
61.92 ± 0.20 
34.64 ± 0.30 
12.67 ± 0.30 
10.87 ± 0.04 
1.30 ± 0.17 
8.13 ± 1.03 
0.74 ± 0.02 
4.62 ± 0.09 
(" : ADF = Acid-detergent fiber, ADL = Acid-detergent lignin, ADIN = Acid- detergent insoluble nitrogen, ADINCP = Acid- detergent insoluble 




















ก  ) *' กก$.













62.33 ± 0.06 
2.75 ± 0.003 
2.67 ± 0.00 
2.25 ± 0.00 
1.39 ±0.00 
82.94 ± 0.54 
3.58 ± 0.02 
3.18 ± 0.01 
2.76 ± 0.01 
1.75 ±0.00 
66.22 ± 0.40 
2.83 ± 0.12 
2.69 ± 0.00 
2.27 ± 0.00 
1.41 ± 0.00 
80.02 ± 0.10 
4.01 ± 0.00 
3.60 ± 0.00 
3.18 ± 0.00 
2.05 ±0.00 
80.71 ± 0.20 
3.41 ± 0.01 
3.05 ± 0.00 
2.63 ± 0.00 
1.66 ± 0.00 
60.36 ± 0.70 
2.70 ± 0.03 
2.65 ± 0.02 
2.26 ± 0.02 
1.41 ± 0.02 
(" : 1/TDN1X (%)  = tdNFC + tdCP + (tdFA x 25.25) + tdNDF Q 7) 
  2/DE1X (Mcal/kg)  = [(tdNFC/100) x 4.2]+[(tdNDF/100) x 4.2] x [(tdCP/100) x 5.6]+[(FA/100) x 9.4] Q0.3 
  3/DEP (Mcal/kg)  = {[(TDN1X Q[(0.18 x TDN1X) Q 10.3]) x Intake]/ TDN 1X} x DE1X 
  4/MEP (Mcal/kg)  = [1.01 x (DE p) Q 0.45] + [0.0046 x (EE Q 3)] 
  5/NELP (Mcal/kg)  = [0.703 x ME p] Q 0.19 (Moe and Tyrrell, 1972), (EE < 3%) 


















     "!     
 "# 0 2 4 6 12 24 48 dg/1 
 3 * 3 * 3 * 3 * 3 * 3 * 3 *  













































































     "!     
 "# 0 2 4 6 12 24 48 dg/1 
 3 * 3 * 3 * 3 * 3 * 3 * 3 *  
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7!& "#'!) *'& 
)"&ก,,#"* 
4.1 	 
 6&&.0	/.()0  ("/.()0"!++

	8  
% ( 1"ก 1% "* 'ก: +	  
กก(1/
6&&.0 &กก+	)	 screw press ก
(1ก (ก solvent  

































%1  	.G!%1 1ก
% 	 8ก,X. M'2

 (Crossbred 













 1 (T1)  ก.:(/ 0% 8% 
  +(+
 2 (T2)  ก.:(/ 10% 8% 
  +(+
 3 (T3)  ก.:(/ 20% 8% 
 4.3.2 ,ก+("ก&(ก 
 &(,ก+(00 Completely randomized design (CRD)  (&( 	 8ก,X. M
'2

ก 3 ก.ก+("+1ก&(ก.00 Stratified random balance group  (

	ก	
ก)Gก1 ""ก1 . (() " 1ก (ก) ก) 
""%ก &1 24  (+
 4.1) 
 
>		 4.1 (	.G0)%ก. 	
(+
ก+( 
	!& ก$G 1 ก$G 2 ก$G 3 
)G1 (ก) ก/) 16.3 ± 3.3 16.2 ± 4.2 16.3 ± 4.4 
""ก () 82 ± 44.3 85 ± 39.4 86 ± 42.5 
1ก (ก) ก) 417 ± 53.2 417 ± 67.5 410 ± 49.7 








%+) 3 8(	, กก0 	&" (&ก
% (Concentrate) "0 (Roughage) % &1 9 กก.// " 3 
	 	  08.00 .11.00 ." 16.00 . (+.กก.ก+(&"'(0%0)(
(














>		 4.2 ()( ")G%/.()0+
ก+( 
>'$&/100 กFก (J	ก&) o> 1 
(0 % SH) 
o> 2 
(10 % SH) 
o> 3 





















กก 25 25 25 
กก1 5 5 5 
8
 2.6 2.6 2.6 
X. 2.5 2.5 2.5 

)ก# 0.5 0.5 0.5 
	!>$ : SH = Soybean Hulls 
 ก.ก+(+
 1 '(08 0%SH "0 
 ก.ก+(+
 2 '(08 10%SH "0 
 ก.ก+(+
 3 '(08 20%SH "0 
 
4.3.3  กก:0%8 ")	" 
 +1ก. 	ก.,ก+( +1 """ก 
0% 	+("G 1 ( "กก:0%8 30  #$0ก6 ก
+( " 5  (+1ก0+$ก"ก:0%8 * (
 
   
  4.3.3.1 กก)'( 
  "0+$ก)G+
ก) /$ก:0กก)"ก)
 ก:0+.ก* 5  (.ก:0 2 )(ก)  (.ก:0")( (%ก.	0	.  %
ก.+( "0) )	"	"ก0+	
 ()X
 Proximate Analysis ('
 
	 /. (Dry matter, DM)  
 (Crud protein, CP) '% (Ether extract, EE) " / (ash) )X













% Goering and Van Sorest (1970) '(ก neutral detergent fiber (NDF), acid detergent 
fiber (ADF) " acid detergent lignin (ADL)  
  4.3.3.2  1ก 
  +1ก1กก"ก+(% 	+.ก+ 3 ก.ก+( (
1ก(	 &ก
(:& 
 4.3.3.3  ,,)"	"ก01 
  +1ก0+$กก,,)1% 	+.ก(""%ก+( "
.ก:01()0+.ก* 5  (.ก:0 2 )(ก)  (0:" 
1')	"	"ก0+	
%1 '(ก '%  
 :	  %%:'% 
(solid not fat) "%%:1 (Total solid) "Fatty acid 1 
  4.3.3.4 กc$ก-	"ก0")G% Fatty acid  
   1. 
/0 
    .ก:0")( (%ก.	0	. , %ก.+( " 
0) 1ก(1 (()X
%  Folch et al. (1957) " Metcalfe et al. 
(1966)  (1+
'(&กก+( " 15 ก ก(( Chloroform Q methanol (2 :1 v/v)  
)G 90 ml 1'6 (homogenize)  2 +
 ) Chloroform )G 30 ml " 0.58 NaCl 
)G 5 ml %%ก"+)'&"ก(& " 
evaporating flask +
+01ก +1กก+1"ก &ก'% ("+
.G!8) 
40°C ( Rotary Evaporator  0+$ก1ก'%+
'( &กก:0'!ก' & +
.G!8) -
20°C &ก&"1  Methylation  
   2. 1 
   .ก:01()0.(+%ก+(+:" (ก) &ก
1'6
 (Centrifuge) +
	: 3000 rpm +
.G!8) 4°C  15 +
 %'% (Fat 
cake) &"ก80%1 ก%'%ก1'ก('%')X
ก% Kelly 
et al. (1998)  (1%'%ก(( hexane Q isopropanol (3:2 v/v) 18 ml/ g Fat cake 1'% 
(votex) &ก) Sodium sulfate solution (6.7 % Na2SO4) ) 12 ml/ g fat cake &ก% 
hexane &"กก(0 ก hexane กก&ก(+(+
) Na2SO4 1 ก +)' 
30 +
 "ก:0'!ก' & +











1 Fatty acid methyl ether (FAME) +
'(')	")G Fatty acid 1 (	 Gas 
Chromatography (GC) 
   ก+1 Methylation (()X
% Ostrowska et al. (2000) (

1ก "G 30 mg (+(4ก
%( 15 ml &ก) 1.5 ml % 0.5 N 
NaOH/MeOH ( 'กc(((ก' & (4(+()+ 
"	+
 100°C  Water bath  5 +
 "	% 1 Q 2 	 +1
:&/$.G!8)ก) ก+1 Saponification +
08Gก&กก'("'
(
18 &ก) 14 % BF3 /MeOH ) 2 ml (+( 'กc!(
(ก' &"	+
 100°C Water bath  5 +
 "	% 1 Q 2 
	 +1:&/$.G!8)ก) &ก)1ก 10 ml  Solution +
'(&กก
+1 Methylation (#)2#4ก




.G!8) 10°C  15 +
 +1 liquid Q liquid phase ก'((
%$+1ก 
Hexane (0) " Dry 1+
&)(ก( Na2SO4 &กก:0"%(
 'กcก
(ก' & &ก1 Fatty acid methyl ether +
'(')	")G fatty acid  (
	 Gas Chromatography (GC) 













 Orthogonal polynomial )	"%8 ( ก
1:&8 SAS (SAS, 1988) 
 




NRC (2001) *=:ก$8"!( 
 ;ก	
 )	ก,
/ก> 3  . ()













	 10 * .
 	 








 . 1 )
 +











	(ก+ (/ 0ก)-,"" NDF ADF 	ADL ))ก 91.48, 19.70, 2.69, 6.00, 
12.23, 31.43, 18.16 	 3.48 *,
 6  )
 . 2 ()
	ก,
 +
" 0,  	(ก+ (/ 0ก) 	,"" 
NDF ADF 	ADL ))ก 91.65, 22.38, 2.67, 6.22, 13.94, 31.85, 20.9 	 3.21 *,

 6  )
 . 3 ()	ก,
 +
" 0, 
 	(ก+ (/ 0ก) 	,"" NDF ADF 	ADL )) 91.83, 20.5, 2.43, 6.37, 
16.15, 35.74, 25.12 	 3.43 *,
 6   4.3 
  6)	ก,
> 3  .6-
)+</	")"0 
(TDN) (")"0 (DE) (/	+"/0 (ME) 	( # (NE)  ก NRC 
(2001)   4.4 )+</	")"0 ,
> 3  .))ก 74.72, 75.44 	 
72.56%6/)"ก(")"0 *A))ก 3.09, 3.12 	 3.04 Mcal/kgDM 6 
 )(/	+"/0 ))ก 2.67, 2.73 	 2.63 Mcal/kgDM 6 	( # 
))ก 1.69, 1.73 	 1.66 Mcal/kgDM 6 
&ก,ก)	"	"ก0+	
 ,ก)"(0ก+(+% ((ก.:(
/&ก 0, 10 " 20% 8 '+1)G%/. '% "/ %"ก.
ก+(
 ก	  

	
+ก0 19.7, 22.38 " 20.50% 1(0 '%

	
+ก0 2.69, 2.67 " 2.43% 1(0 1ก"(0+
 NRC (2001) "1:ก 	"1+

"(0 3 % '8ก) 5 % #$"(0+
',ก"+0ก#8 ก""ก Church 
(1979)  ( X (2533) 





 4.6) (	ก0% ก0% Mansfield and Stern (1994); Elliott et al. (1995) " 









% )(ก (2548) 
+ก0 29.89 #: 1ก ) (2545) #$/.%




	1ก )(ก (2548) #$+
"(0 
9.91 % 8ก .) (2544) ") (2545) #$+




ก0 )(ก (2548) #$+




+ก0 14.12% 08ก )(ก (2548) #$
+




















	8ก )(ก (2548) ") (2545) +
+
"(0 24.51 " 22.81% 1(0 
NFC 
	
+ก0 12.05 % 0
	1ก )(ก (2548) +
"(0 23.92% #$ NRC (2001) 
" Mertens (1987) "1+








(2548) ".) (2544)  +




	8ก )(ก (2548) +
"(0 37.01% ADL 	
+ก0 3.74% 0
	1ก )(
ก (2548) ) (2545) #$+
"(0 4.59 " 5.30% 1(0 +
























	8ก ./ (2547) +
+




	8ก ./ (2547) +




	8ก ./ (2547) #$+




"(0 5.2% 1(0 









 	+ 3 ก.ก+( #$('+
 4.7 " 4.6 ก	


















" 4.3  	ก, .
	




















26.49 ±  1.30 
7.51 ±  0.03 
1.07 ±  0.04 
41.6 ±  0.20 
9.57 ± 0.00 
8.49 ±  0.10 
73.37 ±  0.04 
43.59 ± 0.01 
4.17 ±  0.45 
0.71 ±  0.00 
4.44 ±  0.02 
0.53 ±  0.03 
4.53 ±  0.20 
29.41 ±  0.40 
7.76 ±  0.15 
1.30 ±  0.03 
65.27 ±  0.20 
14.12 ±  0.20 
12.05 ± 0.10 
66.09 ±  0.02 
40.09 ±  0.30 
3.74 ±  0.20 
0.66 ±  0.00 
4.14±  0.03 
0.56 ±  0.04 
3.49 ±  0 260 
91.48 ± 0.05 
19.70 ±  0.004 
2.69 ±  0.07 
12.23 ±  0.50 
6.00±  0.03 
40.19 ±  0.20 
31.43 ±  0.20 
18.16 ±  0.20 
3.48 ±  0.00 
2.37 ±  0.35 
14.83 ± 0.22 
0.82 ±  0.00 
5.15 ±  0.06 
91.65 ±  0.05 
22.38 ±  0.10 
2.67 ±  0.02 
13.94 ±  0.40 
6.22 ±  0.01 
36.89 ±  0.60 
31.85 ±  0.40 
20.90 ±  0.30 
3.21 ±  0.07 
2.72 ±  0.30 
16.79 ± 0.40 
0.85 ±  0.00 
5.34 ±  0.15 
91.83 ±  0.04 
20.50 ±  0.20 
2.43 ±  0.06 
16.15 ±  0.40 
6.37 ±  0.10 
34.98 ±  0.20 
35.74 ±  0.07 
25.12 ±  0.60 
3.43 ± 0.10 
2.21 ±  0.03 
13.83 ±  0.20 
0.73 ±  0.203 
4.53 ±  0.20 
(" : ADF = Acid-detergent fiber, ADL = Acid-detergent lignin, ADIN = Acid- detergent insoluble nitrogen, ADINCP = Acid- detergent 
insoluble crude protein, NDF = Neutral-detergent fiber, NDIN = Neutral-detergent insoluble nitrogen, NDICP = neutral detergent insoluble crude 












" 4.4  ก6ก(+"ก6- ก, NRC (2001) +0ก .
	

" (Mean ± SE)  
     
ก   

	-"	 "! >ก ) *'ก 0% 10% 20% 
( TDN (%TDN) /1 
(")"0 DE (DEP) Mcal/kgDM 
/2 
(/	+"/ ME (ME P) Mcal/kgDM 
/3 
( # NE (NELP) Mcal/kgDM 
/4 
52.97 ± 0.80 
2.31 ± 0.03 
1.95 ± 0.02 
1.18 ± 0.01 
51.58 ± 0.25 
2.25 ± 0.01 
1.90 ± 0.01 
1.14 ± 0.01 
74.72 ± 0.30 
3.38 ± 0.001 
2.67 ± 0.01 
1.69 ± 0.01 
75.44 ± 0.70 
3.45± 0.00 
2.73 ± 0.01 
1.73 ± 0.00 
72.56 ± 0.04 
3.30 ± 0.00 
2.63 ± 0.00 
1.66 ± 0.00 
(" : /1TDN1X(%) = tdNFC + tdCP + (tdFA x 2.25) + tdNDF Q 7 
 /2DEP (Mcal/kg) = DE1X x Discount  
   DE1X (Mcal/kg) = (tdNFC/100) x 4.2 + (tdNDF/100) x 4.2 + (tdCP/100) x 5.6 + (FA/100) x 9.4 Q 0.3  
  Discount = [TDN1X + ([0.18 x TDN1X) Q 10.3] x Intake)]/ TDN1X) 
  /3ME P (Mcal/kg) = [1.01 x (DEP) Q 0.45] + 0.0046 x (EE Q 3) (ก- EE > 3%) 
  ME P (Mcal/kg) = 1.01 x DE (Mcal/kg) Q 0.45 (ก- EE < 3%) 
  4NEP (Mcal/kg) = 0.703 x ME P Q 0.19 + ([0.0097 x ME P + 0.19)/97] x [EE Q 3] (ก- EE > 3%) 
































)E")ก 15.10, 15.01 	 15.21 ก+ก
//6 0)ก)











)ก 514, 501 	 526 ก
//6 -กก0+ก
,)E"
)ก 1620, 1846 	 1693 ก
//6 -กก0+ก

)E")ก 2134, 2347 	 2219 ก
// 6 	-กก0+)
>6
ก (g/kgW0.75) )E")ก 23.40, 25.57 	 25.09 g/kgW0.75 6) ()0)









 ()ก)")" 6N  (P<0.05) 	ก
"ก

(,A> *A)ก)ก) (# +ก6
  (Quadratic contrast) 
 -กก0( #)) ()-กก0(ก

" 
)E")ก 8.11, 7.89 	 8.20 Mcal// 6 -กก0(ก
, 
)E")ก 13.92, 14.72 	 13.72 Mcal// 6 -กก0(ก
 
)E")ก 22.03, 22.25 	 21.92 Mcal// 6 	-กก0( #)
>6
ก (g/kgW0.75) )E")ก 0.24, 0.24 	 0.25 g/kgW0.75 6 ()'
	ก
ก




ก0ก'(0 !" &กก+((กก)'( ('+
 4.8 0)Gกก)'(
/. )Gกก)'( 



















% NDF 8)8%$ ) & (2546) ก NDF &"




















































" 4.5  -กก0,+0
 .  
 
ก    Contrast/a 

#9กก#= 0% 10% 20% SEM P value L Q 

#9กก#= "! ---------------(kgDM/d)---------------     
 - 

" 6.87  6.76  6.95  0.35 0.5454 0.5882 0.3418 
 - 
, 8.23 8.25 8.26 0.01 0.8476 0.5768 0.9142 
 -  

















" --------------------(g/d)--------------------     
 - 

" 514  501  526  26.82  0.5240 0.5920 0.3202 
 - 
, 1620 1846 1693 0.01  0.8476 0.8571 0.5896 
 -  
















#9กก#='$A# -----------------(Mcal/d)-----------------     
 - 

" 8.11 7.89 8.20 0.42 0.8476 0.8377 0.5957 
 - 
, 13.92 14.27 13.72 0.85 0.5457 0.5904 0.3413 
 -  

































 &กก+(ก.:(/+(+% ()G1 
0ก.:(/+(+% ("(0 0, 10 " 20% 8
 )G1 
	+ก0 14.77, 15.47 " 14.16 ก) ก/ 1(0 #$'ก

1	7+/)) (P>0.05) "0)G1#:'%1+
 4% (4 %FCM) 
ก) ก 
	 14.82, 16.47 " 15.67 ก) ก/ 1(0 #$'กก

1	7+/)) (P>0.05) ")&G'%1ก 
	+ก0 594, 686 " 
667 ก/ 1(0 (
ก0)G 
1 (476, 513 " 472 ก 1(0) 
")G%%:1 (1859, 2069 " 1930 ก/ 1(0) 
	'กก

1	7+/)) (P>0.05) % )G:	 1 (697, 763 " 692 ก/ 1(0) 
)G%%:'%1 (1275, 1383 " 1263 ก/ 1(0) 0+)G:	












	 0, 10 	 20%  .
  0  4.6 ()
*0,>6 ))ก 4.04, 4.51 	 4.87% 6 /)"ก-*
+>6 (3.22, 3.33 	 3.36% 6) *,,()0, (8.63, 8.91 	 
8.90% 6) 	*,,>6 (12.59, 13.42 	 13.77% 6) @AกB0)
ก)ก")" 6N  (P> 0.05) > 3 ก)ก  )*+ )
)ก 4.71, 4.89 	 4.84% 6 0
	ก
1	7+/)) (P<0.05)  
"(0ก+(+(ก.:(/ )%$ #$		ก(ก
 (
	X00 (Linear contrast) 
&กก+(กก.:(/+(+% ( 0"(0
ก+(+)&ก 0, 10 " 2% 




/)) (P>0.05) (	ก0% Elliott et al. (1995); Pantoja et al. (1994); Mansfield and Stern 





























ก('%'(ก%$ ",ก,)1'()%$ )G 
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+'ก((%0 ก)(%%%$ 	&"
,,) '% " 
)%$ %)%$ก)ก 60% ก,)'%1&"
( (Aldrich et al., 1993; Grant, 2000; Kennelly, 2000) +
&กก+

ก	"'%1 	 ก("#))	 (acetic acid, C2) #$ก('%" (volatile 
fatty acid, VFAs) +
'(&กกก0 (&.)+
ก""8 NRC (1988) "1 
'
,ก"+0)G'%1 	
0 40% 8+( 
	











 (long form fiber) #$&"%0ก	

 "ก10!	ก(-(ก""" (ก, 2546) 
 










)(,+(	 0, 10 	 20%  .
  0 4.7 
()>6
ก,+ก)ก ))ก 417, 417 	 410 ก+ก 6  )>6
ก

 > ก ))ก415, 419 	 398 ก+ก 6 	>6
ก" 
))ก-63, 50 	 83 ก+ก 6 *Aกก()0)ก)ก")























 ก (2546) ก  (X) 	&"87
1กก






%(	(.%(negative energy balance) ( 	&"($1+
"ก 










  4.8  ,ก)	"	"ก0%ก('%0"









)%$+1)G C14:1 " C16:1 1





	X00 (Linear contrast) 
)G%	"ก0%ก('%1 ((+
 4.13 C14:1 " C16:1 
1
 )8%$ )G C18:0 " C20:2n6 1
 ( &ก ) & 
(2546) ก	"'%'	
&",)ก('%  (ก8 	
ก"0ก'ก 	'#





(mitohcodria) '((&$&ก 2 	 &ก+
 	ก)%' 
(กกก('%"'( +
1	7 	 "#)+ "0-'M(ก#)0)+
+  (
0-'M(ก#)0)+


















" 4.6  ->6		ก,>6  
 
ก    Contrast/a 
 0% 10% 20% SEM P value L Q 

#9B.  ----------(ก#*ก/ )----------     
 - ->6  14.77 15.47 14.16 0.95 0.1710 0.0635 0.9317 
 - ->60, 4 %  14.82 16.47 15.67 0.82 0.2898 0.1339 0.6612 
	
ก)B.  ---------------(ก/ )---------------     
 - -0, 594 686 667 34.65 0.4719 0.3000 0.5205 
 - +  476 513 472 27.56 0.1428 0.0513 0.9574 
 - -O+   697 763 692 52.34 0.1015 0.0346 0.9360 
 - -,,()0,  1275 1383 1263 85.96 0.1145 0.0397 0.9444 
 - -,,  1859 2069 1930 114.07 0.1692 0.0640 0.8242 
	!>$ : a/
0+













" 4.7  	ก,>6  
 
ก    Contrast/a 
 0% 10% 20% SEM P value L Q 

	-"	 --------------------(%)--------------------     
 - 0, 4.04  4.51 4.87  0.25 0.3360 0.1746 0.5750 
 - + 3.22 3.33  3.36  0.06 0.8827 0.6217 0.9931 
 - O+  4.71 4.89  4.84  0.09 0.1087 0.0375 0.9648 
 - ,,()0, 8.63  8.91  8.90  0.34 0.2887 0.1194 0.9737 
 - ,, 12.59  13.42  13.77  0.11 0.7665 0.5366 0.7082 
	!>$ : a/ 
0+
0	ก	X00 Orthogonal contrast; L = linear; Q = quadratic; SEM = standard error of the mean 
 




ก    Contrast/a 
 0% 10% 20% SEM P value L Q 
B.ก"  (ก#*ก)        
 - ก)ก 417 417 410 18.59 0.4082 0.2068 0.6808 
 - 
ก 415 419 398 18.08 0.6530 0.3709 0.8562 
>6
ก" (ก/) -63 50 83 177.09 0.2695 0.1625 0.4128 
	!>$ : a/ 
0+











>		 4.9 (	"ก0%ก('%8 

ก  
) *'ก >ก 
0% 10% 20% Fatty acid profile 




























































































Fatty acid profile &!#ก$"!%&'!#   Contrast /a 
 0% 10% 20% SEM P value L Q 
































































































































































0.4666 0.3128 0.4845 
	!>$: a/
0+
0	ก	X00 Orthogonal contrast; L = linear; Q = 















ก (RDPsup) 	+0)")" "0ก	(	

ก (RUPsup) ,+0ก
, .> 3  . )ก

"  0
 4.14 +" 	
	 #<(ก")" "0,++"# Nylon bag technique 
() RDPsup ))ก 1325, 1541 	 1410 ก/ 6 	 RUPsup ))ก 828, 829 	 
823 ก/ 6 ก;ก()0)ก)")" 6N  (P>0.05) >3 
ก)ก 
ก+")" "0ก	(	
ก (RDPreq) 	+0)")" "ก	(	

ก (RUPreq)  6-0ก ก, NRC (2001)  0 4.14 ()
ก+")" "0ก	(	
ก (RDPreq) ,+ก)ก 1 ))ก
1498 ก/ +ก)ก 2 ))ก 1500 ก/ 	+ก)ก 3 
))ก 1480 ก/ *Aก)ก 1 	ก)ก 2 0 RDPsup 0)("()
ก)ก Q172 	 -70 ก/ 6  ),ก+0)")" "0
ก	(	
ก (RUPreq) ()+ก)ก 1 +ก)ก 2 	+
ก)ก 3 0 RUPreq )ก 759, 854 	 772 ก/ 6 *A()+ก)ก
 2 0 RUPsup 0)("()ก)ก Q25 ก/ 6ก;ก@AกB )
()0)ก)")" 6N  (P>0.05) ,> 3 ก)ก 
กก>+0ก"+ )ก 1273, 1275 	1258 ก/ 6
	ก+>
 ))ก 1287, 1338 	1285 ก/ 6 ()+
0ก"+	ก+>
 0)ก)")" 6N  






)(,+(> 3 	  ก NRC (2001) *A  4.16 
()กก0,( # (NEL intake) ))ก 22.02, 22.25 	 21.92 Mcal/ 6 
 ),( #(ก6/( (NELM) ,
> 3  . ))ก 7.36, 7.38 	 7.20 Mcal/
 6 ( #(ก;>6 (NELL) ))ก 10.96, 12.13 	11.51 Mcal/ 
6 ( #(ก(>6
ก (NELG) ))ก 0.99, 0.68 	1.43 Mcal/ 6 
( # 	  (NELR) ))ก 19.30, 20.18 	 20.13 Mcal/ 6 		 #<(ก
/( ))ก 0.82, 0.86 	 0.88 6 ก;ก@AกB()0)ก)")













'(ก""ก (RDPsup) " 
+
'ก""
ก (RUPsup) % 	+




1	7+/)) (P>0.05) + 3 ก.ก+( +
,&กกก)'(%








	1Gก NRC (2001) ('+
 4.13 0 	 ก.ก
+(+















































ก""ก &ก 	&"'(0&ก	)-% 
 
() &, 2546) ""(0+
(!		8
'ก) 3% %% 1% %+(
 	
( (, 2541)  ก&ก
0ก.ก+(+













,ก	0	.ก'กก	0	.กก)'( (Egan and Moir, 1965) 
/ก(") '(.&"'
,)/






















" 4.11  ก0+")" "ก	(	
ก (RDP) +0)")" "ก	(	
ก (RUP)  
 
ก    Contrast/a 
 0% 10% 20% SEM P value L Q 
 ------------(ก/" / )------------     
+")" "ก	(	
ก (RDPsup) 1325 1541 1410 36.47 0.9916 0.9869 0.8981 
+0)")" "ก	(	
ก (RUPsup) 828 829 823 13.44 0.5639 0.5527 0.3773 
	!>$ : a/
0+













" 4.12  -,+0ก
	+ก 
 
ก    Contrast/a 
 0% 10% 20% SEM P value L Q 
 ------------(ก/" / )------------     
ก RDPreg 1498 1500 1480 28.78 0.5660 0.5421 0.3854 
RDPsup ก
 1325 1541 1410 36.47 0.9916 0.9869 0.8981 
,/ก -172 42 -70 35.46 0.633 0.6297 0.4033 
+0ก"+(MCP) 1273 1275 1258 24.46 0.5660 0.5422 0.3854 
ก+>
 (MPR) 1287 1338 1285 50.39 0.2297 0.0939 0.7801 
ก RUPreg 759 854 773 74.58 0.1673 0.0617 0.9747 
RUPsup ก
 828 829 823 13.44 0.5639 0.5527 0.3773 
,/ก 70 -25 50 68.85 0.1515 0.0560 0.8350 
	!>$ : a/
0+














" 4.13  (+ก(กก)= 	+0ก
 
 
ก    Contrast//a 
 0% 10% 20% SEM P value L Q 
 ---------------(Mcal/ )---------------     
กก0( # (NEL intake)  22.02 22.25 21.92 0.42 0.5916 0.5637 0.4017 
( #(ก6/( (NELM)  7.36  7.38  7.20  0.24 0.5077 0.2655 0.7652 
( #(ก;>6 (NELL)  10.96  12.13  11.51  0.33 0.2562 0.1117 0.7009 
( #(ก(>6
ก (NELG)  0.99 0.68 1.43 0.57 0.8127 0.5590 0.7996 
( # 	  (NELR)  19.30 20.18 20.13 0.80 0.7089 0.5093 0.6232 
	 #<(ก/( (Efficiency) 0.82 0.86 0.88 0.04 0.8006 0.5175 0.9004 
	!>$ : a/
0+
























ก(,A> +" dgDM ,







ก )E")ก 38.4 	 38.5% 6 
 6)
 "/+)= >06-+"+ก NEWAY  ก 
+" ∅rskov and Mcdonald (1979) ())(  4.17 )ก	" (A) ,
, .




> 3  . ))ก 44.4, 54.8 	 
51.7 6 )@ก"<(ก " (A+B) ,
 ))ก 82.1, 89.6 	 85.5 6 
	ก " (c) ,
 ))ก 0.031, 0.027 	 0.033 6  
  





> 3 	 
- /+) = 60)ก	(	
ก,+   4.18 ()
> 
3  . ก")" "0+ (dgCP) ))ก 65.3, 68.9 	 67.2% 6  
 6)+ "/+) =>06-+"+ก NEWAY  ก
 +" ∅rskov and Mcdonald (1979) ())(  4.17 )ก	" 
(A) ,+, .
> 3  . ))ก 36.2, 44.8 	 50.0 6  )0) "
) กก	ก
ก")"+"" (B) ,+,
> 3  . ))ก 
40.0, 34.0 	 29.0 6 )@ก"<(ก " (A+B) ,+ ))ก 76.2, 78.8 
	 79.2 6 	ก " (c) ,


















;  3  . 
     "!     
 "# 0 2 4 6 12 24 48 72 96 dg/1 
 3 * 3 * 3 * 3 * 3 * 3 * 3 * 3 * 3 *  






0 % SH 
10 % SH 
































































 " 4.15  ก")" "0+	ก")" "0+,

"	
;  3  . 
  "!  
 "# 0 2 4 6 12 24 48 72 96 dg/1 
 3 * 3 * 3 * 3 * 3 * 3 * 3 * 3 * 3 *  











































































;  3  . 
    "#    
Disappearance (%) ) *'ก >ก 0%SH 10%SH 20%SH 




         A + B 



































         A + B 










































 4.4.9 I>	ก	! 













:(/ 20% ,0++ก)กก.	0	. (
&$.'( "(0ก
ก.:(/+








0% 10% 20% 
 - "0ก>6 251.09 262.99 240.72 
 - 
, 71.42 69.08 66.74 
 - 

"  38.17 37.56 38.61 
 - )
  109.59 106.64 105.36 
 - "0กก)")"  141.50 156.35 135.36 
	1()0+
ก-ก%'( 17.00 0+/ก) ก 
+.%ก) ก 0% SH = 7.94 0+; 10% SH = 7.68 0+; 20% SH = 7.42 0+ 
































 5.3.1 +(  
 &(,ก+(00 3x3 Latin square  ( 	&"ก"" (fistulated non-lactating 
dairy cows) 8ก,X. M'2





"(0+(+ 3 "(0 	 0, 10 " 20% 8  	&"'(07ก0  
 5.3.2 +( 
  +(+
 1 (T1)  ก.:(/ 0%SH 8% 
  +(+
 2 (T2)  ก.:(/ 10%SH 8% 
  +(+
 3 (T3)  ก.:(/ 20%SH 8% 
5.3.3 ก:0%8 ")	"  
 (0ก+(ก 3 ก+( * " 14  ".ก:0 2 
.(+%"ก+(  (+1ก0+$ก"ก:0%8 * (
 
  5.3.3.1 023ก4 - 4 (Rumen pH) 
  .ก:0 Rumen fluid 50 ml 0
กก%( 100 ml (ก
"(0 
pH %ก""ก++
&กก:0 (	 pH/Temperature meter  
  5.3.3.2 >











  .ก:0 rumen fluid ) 20 ml (+()(
4&.ก%( 25 ml 
0&.( 6 N HCl ) 5 ml &ก1('6
 (Centrifuge) +
 3000 0/ 
 15 +
 ก:0"% (Supernatant) %(%( 25 ml ((4&.ก
ก
ก:0ก-'+
.G!8) Q20°C 1')	" 
 Q ' &  
  5.3.3.3 ก42@4D Volatile fatty acids (VFAS) 
  .ก:0 rumen fluid ) 20 ml (+()(
4&.ก%( 25 ml 
0&.( 6 N HCl ) 5 ml &ก1('6
 (Centrifuge) +
 3000 0/ 
 15 +
 ก:0"% (Supernatant) %(%( 25  ml ((4
&.กก
 ก:0ก-'+
 .G!8) Q20°C &ก&"1')	")Gก('%"'( +

1	7 '(ก ก("#))ก ก( ))ก "ก(0)+









Orthogonal polynomial )	"%8 ( ก1:&8 SAS (SAS, 1988) 
 
5.4 Iก	&	 7^Iก	& 
 5.4.1 & 




)(,+(	 0, 10 	 20% 
 .
 ;)ก") pH ,,
ก	(	




0, 2, 4 	 6 /+ ก)ก 1 ))ก 6.99, 6.92, 6.76 	 6.71 6 ก)
ก 2 ))ก 7.01, 6.94, 6.82 	 6.77 6 	ก)ก 3 )







)(,+(> 3 	 
()ก"	)E", pH <"ก	(	




 ()0)ก)ก")" 6N  (P>0.05)   5.1 
6&&$+
1	7#$
,"00)c)+ก""ก 	 	 pH (Power of H+ 







 (Moat and Foster, 1995) "
,





 pH 8" 5.5 Q 7.0 .G!8)
 
39 Q 40°C (, 2544) &กก+(ก.:(/+(+
% ( +
"(0 0, 10 " 20% 0	
%  pH '
	ก
1	7+/)) 















	+ก0 6.05 " 5.96 1(0 #$'
กก+/)) (P>0.05) (	ก0 Mansfield and Stern (1994) "(
ก0 Elliott et al. 
(1995) 0กก.:(/+(+% ( 
	 pH 'ก
ก "&กก+()&G	ก(-(ก+
 0, 2, 4 " 6 
  0	 pH 
 ( &ก
ก,)ก('%"'( )%$ * "
&กก('%"'(ก('%+
"1'( (lipid soluble compounds) 
	.G0)
ก&0  (H+) '( (Forbes and France, 1993) (ก('%"'(+(
	





ก ก	 / pH 1&"+1
 amylolytic " acid tolerant bacteria )%$/ pH 8ก 6 &"
+1&1 Cellulolytic bacteria )%$ (., pH 
	Xก0 proton motive force 
)ก)) Uncoupler action +
#0%0	+

 (Moat and Foster, 1995) #$
,ก
ก











 5.4.2  )))!*(=*": (NH3-N) )) ก'ก  












)(,+(> 3 ก)ก ()-+"0+
<"ก	(	




 ก)")" 6N  (P<0.05) 	
ก"ก

(,A> *A)ก)ก) (# 










ก #$8ก06&& X (2533) 	%%'(
 ก(") )" 0.1 Q 1.5 
))ก#: (mg%)  
' & (NH3-N) 8" 0-13 mg% "
 

' & (protein-N) 8" 100-400 mg% &กก+(ก.:(/
+(+% ( +




























ก (	 c) 	:ก+
'




"(0 0% " 10%  (.
	%%8%$ G  





กก)(&"ก)('(:"(0	ก(-( ก""กกก 7.5 ""(0













  ( 
Satter and Slyter (1974) "(0+






 	 11.8-18.3 mg/dl %G"+
 



























" 5.1  ;ก,+("ก

)ก"	







ก    Contrast/a 
 (3 *) 0% 10% 20% SEM P value L Q 
pH        
Hour 0 6.99 7.01 6.94 0.07 0.2593 0.7600 0.6550 
Hour 2 6.92 6.94 6.99 0.05 0.1676 0.4523 0.3970 
Hour 4 6.76 6.82 6.79 0.15 0.6575 0.8818 0.8456 
Hour 6 6.71 6.77 6.77 0.10 0.2249 0.8293 0.9005 
NH3N  -------------(mg/dl)-------------     
Hour 0 7.98 8.14 10.16 0.58 0.3192 0.1178 0.3119 
Hour 2 13.47 12.56 13.96 0.87 0.6356 0.7243 0.3941 
Hour 4 11.82 9.13 12.71 0.43 0.0971 0.2675 0.0276 
Hour 6 8.93 8.16 9.24 0.18 0.0188 0.2934 0.0552 
	!>$ : a/
0+
0	ก	X00 Orthogonal contrast; L = linear; Q = 
quadratic; SEM = standard error of the mean 
 










)(,+(	 0, 10 	 20%  0
  5.2 ()	,,,ก	*ก ก+((ก กก 	
 )	*ก)+((ก  0, 2, 4 	 6 /+ 
ก

 ,> 3 ก)ก
 ()0)ก)ก")" 6N  (P<0.05)  
"(0	%%%ก ) )ก "%ก("#))ก ))ก +

 +






&กก+(0	%%%ก('%" 	 ก("#))ก ก( ) )ก ก(
0)+


















	%%8%$ G  4    ก ( G  6 
  ก +
























































1 (Gransworthy, 1988)  ('%1&"
"ก0ก('% #$'(&กก
	"0.'%%1 "&ก 		%ก('%1 '(
&กก('%"'( +
 primer '(ก 0'M(ก#)0
+)+ ""#)+  (ก(0)+
)ก &"
)	 (ก)	0+
" (elongation) +1'(ก('%1 (X, 






















ก    Contrast/a 
 (3 *) 0% 10% 20% SEM P value L Q 
Acetate; C2  --------(mol/100mol)--------     
Hour 0 76.17 76.62 77.45 0.67 0.1331 0.3112 0.8420 
Hour 2 75.19 74.87 76.40 0.56 0.2114 0.2635 0.4376 
Hour 4 76.16 73.75 75.39 0.74 0.1935 0.5408 0.6008 
Hour 6 77.23 75.55 76.07 0.48 0.1706 0.2258 0.3957 
Propionate; C3 --------(mol/100mol)---------     
Hour 0 15.14 16.01 15.61 0.59 0.6086 0.6300 0.4720 
Hour 2 16.77 16.59 16.98 0.12 0.0548 0.7073 0.5602 
Hour 4 15.13 16.61 16.26 0.61 0.4589 0.3229 0.3433 
Hour 6 13.76 15.30 15.09 0.19 0.0928 0.0377 0.0633 
Butyrate; C4 --------(mol/100mol)---------     
Hour 0 8.94 8.51 7.36 0.61 0.1749 0.2104 0.0872 
Hour 2 9.43 9.19 8.07 0.55 0.2420 0.2254 0.3882 
Hour 4 9.17 9.52 8.55 0.12 0.6595 0.7313 0.6817 
Hour 6 8.70 8.34 9.09 0.29 0.0507 0.4376 0.2568 
C2:C3        
Hour 0 5.04 4.99 5.27 0.39 0.7024 0.7063 0.5406 
Hour 2 4.54 4.95 4.53 0.14 0.117 0.9863 0.6785 
Hour 4 5.07 4.48 4.64 0.24 0.4908 0.3394 0.4042 
Hour 6 5.63 5.00 5.04 0.06 0.0609 0.0222 0.0412 
	!>$ : a/
0+
0	ก	X00 Orthogonal contrast; L = linear; Q = 












 4.3.4 กก#= "!)* 




























ก    Contrast/a กก#= "! 
(ก#*ก/" / ) 0% 10% 20% SEM P value L Q 

, 2.70 2.70 2.70 0.07 - - - 


" 2.23 2.18 2.21 0.05 0.9564 0.8532 0.7903 




1. ก+(+&ก% ((ก.:(/"(0 0, 10 " 20% 
8,,)1",,)	"ก0%1 0)G1 ")G
10'%+














2. ก+(+&ก% ((ก.:(/"(0 0, 10 " 20% 
8	"ก0%10*0,>6 *+>6 
*,,()0, 	*,,0)ก)ก")" 6N
  (P> 0.05) > 3 ก)ก  )*+
	ก
1	7+
/)) (P<0.05)  "(0ก+(+(ก.:(/ ) %$  #$ 		ก
(ก
 ( (
	X00 (Linear contrast) 
















 4. ก+(+&ก% ((ก.:(/"(0 0, 10 "20 
#:ก
"(0 pH !ก""ก+





















6. ก+(+&ก% ((ก.:(/"(0 0, 10 "20 
#:"(0	%%%ก('%"'(!ก""ก 	 ก("#))ก ก( 
) )ก ก(0)+
)ก "(ก("#))กก( ) )ก +







 6 ก"(0	%%%ก(  ) )ก "(ก("#))กก(








+(+% (8 	 ('
,ก"+0)Gกก)'( /"!




















































	%%% !"8 "'(ก 































%.'()G/$ 15%  ('
,ก"+0)0/"ก,) (Kornegay, 1981) '
ก: &กก.:(/
	"ก088 ก'("
 !"* &"( /ก.:(//.()08 (Dilger et al., 2004; 
Kornegay, 1981) (กก.:(/.ก
ก)8





















6.3  #A.#ก 
6.3.1 1/.()0+
&"ก"ก08)	"	.G	+ '(ก  
 
 '% / "	  ()X
 proximate analysis (AOAC, 1990) "1	1G	




6.3.2 .ก%.,X. [Duroc x (Landrace x Large White)] &1 96   (
0.กc,8 48  ".กc
 48  1ก)
 60 ก) ก +1ก0:ก
.ก (1ก"c (6 /	ก; 0.85 /) +1ก.ก.ก+( 1 &ก 4 










 (ad libitum) !"+
&"00/
ก  (ก.ก+(+
 1 ก.	0	.'+1ก)ก.:(/ ก.ก+(+
 
2 +1ก)ก.:(/+% (0( 3 #: ก.ก+(+
 3 +1ก) 
ก.:(/+% (0( 6 #: " ก.ก+(+
 3 +1ก) ก
.:(/+% (0( 9 #: ก	1G	ก !")&ก NRC 
(1998) 
 6.3.5 +1ก0+$ก1ก%.กก% (+1กก:01ก%.ก+.ก 2 ( 
)Gกก)&"+1กก:0+.ก( (" 2 )(ก  (ก+1	"(+

+








ADG, ADFI " G/F (
ก(  
6.3.6 +1ก..ก1"ก.ก+(" 12  (3 /0:ก)  (
+c,8"c

 &1+( 48  
6.3.7 +1ก1ก#ก (Carcass weight) &กก1" ("1"
!ก+(  
6.3.8 &ก1#ก#
ก% ก(	%'% (Back fat 
thickness) +




















 10 (10th rib) #
 	#
.(+ (last rib) "ก"(8ก%.(+ (last lumbar)  ( 
swine back fat gauge (Warrie et al., www, 2001) 
6.3.10 ก(+




10  ( Leaf area (0)-+ Delta-t Devices LTD. England) "	)ก", +1









6.3.11 ก(#:( (Lean percent)  ()X
% NPPC,(1991) 
Lean percent = [7.231+ (0.437 x carcass weight) Q(18.746 x tenth rib fat) +(3.877 x LEA) ] x 100 
     Carcass weight 
  LEA 	 loin eye area 
 6.3.12 ก")
 (color) ก"" ก +1ก")&ก+1ก
:+
 5 c##







 10 " 11 "" ก&"+1ก")+

ก semimembranosus &"ก"+(	(
 CR-300 MINOLTA (Minolta 
Camera Co., Ltd., Osaka, Japan) ,%
"00% Hunter 	 L, a " b 
+
00 Daylight (D65)  (	(
+

ก Minolta colorimeter 
,	 L, a, b "00% Hunter ก")+1'( (ก.ก
"" ก(2(.)( )')	'( (m WRAP, 0)-+ : : 
 
:	ก&&) ก. &1ก(, ก+.)  (+1ก(ก"" ก&1 12 	"
+1ก(+0)G) 
 6.3.13 ก(			 (firmness) %ก"" ก+1ก
")&ก+1ก:+
 5 c##







" 11 "" ก&"+1ก")+
ก semimembranosus  ( (00 
warner bratzler blade attachment #$ก0	 Texture Analyzer (TA-TX2 Texture Analyzer, stable 
Micro Systems, UK)  (+
+
(
%( 1 x 3 x1 (ก x  x 8) #$%G"ก(
&"/8กก:0'/.)กก)()(+
.G!8) 5-10  C (Harris and Shorthose, 1988; Lyon and 
Lyon, 1998) 0+$ก	8.(+
ก(ก 	8.(


















 10 " 11 "" ก&"+1ก")+

ก semimembranosus  (ก") score (1 = devoid to practically devoid, 2 = 
trace to slight, 3 = small to modest, 4 = moderate to slightly abundant " 5 = moderately abundant 
or greater) )X
% NPPC, (1991) 
6.3.15 +1ก0(.ก #$"ก0( " ก"ก 
"
((	0("
( (Super blender, National) "&ก&"+1ก)	"
	"ก0+	
%+ #$"ก0'(  
 	 "/  ()X
 
proximate analysis (AOAC, 1990) 
6.3.16 ก)	")G%'%" ก"ก (percentage of 
lipid) #$((&ก)X
 Folch et al. (1957) " Metcalfe et al. (1966)  (ก 15 ก
' /6 )," chloroform-methanol (2:1 v/v) )G 90 ))) "6
"
( 2 +
(	 homoginizer (Nissei AM-8 Homoginizer, Nihonseiki kaisha, LTD., 
Japan) ) chloroform )G 30 )))"6
ก	 2 +
 &กก
 separating funnel )1ก1&(' (deionizer water) )G 30 ))) " 
0.58% NaCl )G 5 ))) %%ก+)'&"ก(& 




 ( Rotary Evaporator (BUCHI Rotavapor R-200, 
BUCHI Labortecnnik AG, Switzerland) 0+$ก1ก'%+
'( 
1%8+




 ( Duncan¡s New Multiple Range Test (DMRT) "+1ก)	"
 %%8 ()X
 orthogonal polynomial. ( ก1:&8 SAS (SAS, 1985) 
 
6.4 ,ก! #:9	,ก 
 ADFI (p < 0.001) " ADG (p < 0.001) )%$
1	7+/)) (linear " 
quadratic) "(0ก+(+% (0((ก.:(/)%$ %G"+
 gain: feed 
(p > 0.05) "1ก).(ก+( (p > 0.05) 'กก
1	7+/)) 
(Table 6.2) +ก% Radar Matrix (1996); Van Oeckel (1998) " Stewart et al. (2008) '
0	ก%/"ก,)%.กก.:(/8.ก%.
+
"(0 5%, 15% " 30% +1(
ก Kornegay (1981) กก.:(/
8.ก%.'













'ก: Bowers et al. (2000)  ADG " ADFI )%$)ก.:(/
 3% .ก%. &กก)+
"(0
 ADG " ADFI &"(ก))
)%$ (ADG: linear p < 0.04, cubic p< 0.01; ADFI: cubic p < 0.04) %G"+




 G:F &"(ก)%$%ก.:(/ 
(quadratic p < 0.11; cubic p < 0.11) +1(
ก กc$ก-+
(1)ก ( DeCamp et al. (2001) 
"1ก)ก.:(/+
"(0 10% .ก%./) ADG " G:F 
10.,+
ก)ก.:(/+1 ADG " G:F )%$ ก)(&กก)




'(	1"1% NRC (1998) 
 ก)ก.:(/'











 1 )%$ +
#























 กc$ก-	.G!%ก Semimembranosus " Longissimus .ก%. 
(firmness, marbling, and color) 0 firmness (p < 0.01) ( %G"+
 marbling (p < 0.001) 
)%$
1	7+/)) (linear)(Table 6.3) 	 L* %ก+ '
,ก"+0
&กก.:(/ 	 b* ก+)()%$
1	7+/)) (linear 
" quadratic) %G"+
	 a* %ก semimembranosus )%$
1	7+/)) 
(linear " quadratic) +1ก+(+% (0((ก.:(/ +

ก





























% (0( (Table 6.4) ,กc$ก-+1(
ก'(
กก
 (Stewart et al., 2008) 
 
Table 6.1 Ingredients, analyzed and calculated nutrient composition of basal diets (as-fed basis). 
Feed ingredients 0% Soyhull 3% Soyhull 6% Soyhull 9% Soyhull 
Ingredients, % 
  Ground corn 
  Soybean hull 
  Rice bran 
  Soy bean meal (44% CP) 
  Fish meal (58% CP) 







































Total 100 100 100 100 
Analyzed composition, unit 
  Crude protein, % 
  Ether extract, % 
  Crude fiber, % 
Calculated composition, unit 
  Metabolizable energy, kcal/kg 
  Ca, % 
  Available P, % 
  Lysine, % 









































1 Provided per kg of diet: vitamin A, 6,000 IU; vitamin D3, 1,200 IU; vitamin E, 11 IU; vitamin K3, 1 mg; vitamin B1 
1 mg; vitamin B2 2.1 mg; vitamin B6 1.2 mg; vitamin B12 15 mg; pantotinic acid 7 mg; niacin 13.2 mg; choline 300 













Table 6.2 Effects of dietary treatment on growth and carcass composition 




Initial wt., kg 









































Back fat , cm 
  1st rib 
  10th rib 
  Last rib 



























































1ADFI: average daily feed intake, kg/d; 2ADG; average daily gain, g/d; 3LEA: loin eye area, cm2; SEM = standard 












Table 6.3 Effects of dietary treatment on meat quality 
Soybean Hull 0% 3% 6% 9% SEM Linear Quadratic Cubic 
Semimembranosus 
  Firmness1, g/cm 
  Marbling2 
  Color3 
    L* 
    a* 


























































  Firmness1 
  Marbling2 
  Color3 
    L* 
    a* 

























































1 TA Q TX2, Stable Micro System, UK.; expressed as g/cm. 
2 NPPC (1991) scoring system. 1 = devoid to practically devoid, 5 = moderately abundant or greater. 
3 Minolta CR-300, Minolta Camera Co. Ltd., Osaka, Japan. L*: lightness (larger number indicates a lighter color); 
a*: redness (larger number indicates a more intense red color); b*: yellowness (larger number indicates 
more yellow color). 
SEM = standard error of mean. 
 
Table 6.4 Effects of dietary treatment on chemical composition of meat 
Soybean Hull 0% 3% 6% 9% SEM Linear Quadratic Cubic 
Semimembranosus 
  Moisture, % 
  Protein, % 
  Fat, % 
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0+ 0% 3% 6% 9% 
Gain:Feed 
Feed/Gain 
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